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PREFACE

These guidelines were prepared as part of the Dredging Operations Tech-
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(WES). The DOTS Program is sponsored by the Headquarters, US Army Corps of
Engineers (HQUSACE), and is managed by the WES Environmental Laboratory (EL)
through the Environmental Effects of Dredging Programs (EEDP). Dr. Robert M.
Engler was Program Manager for the EEDP; Mr. Thomas R. Patin was the DOTS
Program Manager. Mr. Joseph Wilson was the HQUSACE Technical Monitor.

This report was prepared by Dr. Thomas J. Fredette and Mr. David A.
Nelson of the Coastal Ecology Group (CEG), Environmental Resources Division
(ERD), EL, and by Mr. James E. Clausner and Mr. Fred J. Anders of the Coastal
Structures and Evaluation Branch (CD-S), Engineering Development Division
(CD), Coastal Engineering Research Center (CERC). Dr. Thomas W. Richardson
and Mr. Edward B. Hands of the CERC and Messrs. Edward J. Pullen and David A.
Nelson of the EL served as technical reviewers. Dr. Mark W. LaSalle, CEG,
edited and provided information for the biological portions of the report.
The report was edited for publication by Ms. Jessica S. Ruff of WES Informa-
tion Technology Laboratory.

The CEG personnel worked under the direct supervision of Mr. Edward J.
Pullen, Chief, CEG, and under the general supervision of Dr. Conrad J. Kirby,
Chief, ERD, and Dr. John Harrison, Chief, EL. The CD-S personnel worked under
the direct supervision of Ms. Joan Pope, Chief, CD-S, and under the general
supervision of Dr. Thomas W. Richardson, Chief, CD, and Dr. James R. Houston,
Chief, CERC.

Commander and Director of WES was COL Larry B. Fulton, EN. Technical

Director was Dr. Robert W. Whalin.
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GUIDELINES FOR PHYSICAL AND BIOLOGICAL MONITORING OF
AQUATIC DREDGED MATERIAL DISPOSAL SITES

PART I: INTRODUCTION

1. Monitoring of aquatic dredged material disposal sites should not be
viewed as an isolated activity but as one of several interacting components of
an overall dredged material management framework, which includes site designa-
tion, project evaluation, and regulatory permitting, compliance, and enforce-
ment. As part of the dredged material site designation process, a prospective
monitoring plan is used in reaching decisions on site location and size. One
goal of site designation is to select a site with the least potential for
adverse environmental effects, thus minimizing monitoring requirements. Too
much monitoring is a waste of time and money. Too little monitoring allows
for undetected environmental effects and provides inadequate information for
managing a site.

2. This document recommends an approach to a monitoring program design
which emphasizes results that are useful to dredged material disposal site
managers. The report focuses on dredged material determined suitable for
open-water disposal; therefore, the report does not consider lethal or sub-
lethal effects of toxic substances. However, in cases where contaminants are
of concern, the monitoring strategy outlined herein can be used, but with the
appropriate sampling techniques for such materials incorporated in the study
design. Monitoring of contaminated dredged material is addressed in a report
by Pequegnat and Gallaway (1990).

3. The monitoring approach described in this report has application for
either dispersive or nondispersive disposal sites, since in both cases adverse
anthropogenic effects outside the designated disposal site are to be avoided.
Nondispersive sites are chosen with the intention that most or all of the dis-
posal material remains where it is placed, thus having only limited areal
impact. Dispersive sites are chosen with the intent that transport and dilu-
tion of the disposed material will occur, but that this transport will not
occur at a rate detrimental to the marine environment outside the designated
disposal site. A dispersive site by definition receives material that is dis-
persed at undetectable levels and locations. Monitoring of dispersed material

is generally not feasible or practicable because it cannot be detected at low



levels. Natural sediment processes are often so large that disposed material
contributions to the system are insignificant in comparison. Thus, a negative
environmental effect would not be produced.

4. This report provides guidance on monitoring aquatic dredged material
disposal sites. A separate report provides information on selected tools and
techniques that can be used in various monitoring programs (Fredette et al.
1990).

Monitoring As a Component of Dredged Material Management

5. Each component of the dredged material management framework is inte-
gral to the overall management objectives, as it either provides background
information for subsequent components or generates information that can be
used in a feedback loop to modify the approach taken in the future. For exam-
ple, information learned about toxicity of certain sediments in the project
evaluation phase can be used to modify the design of future projects from the
area where the toxic sediments originate. Because of the interactive and
supporting roles of the various components, the development of monitoring
plans must be based on the contributions and conclusions each brings to the
framework, particularly the site designation and project evaluation
components.

6. In particular, monitoring should be used as a powerful management
tool to provide specific evidence that can be used in a feedback loop to sup-
port or modify other components of the framework. In this fashion, an assess-
ment of decisions that were made when a site was designated or when a project
was permitted can lead to verification of assumptions or predictions, or can
be used as a basis for modifying the decision process (either development of
more or less stringent decision guidelines).

Site designation

7. The site designation documents, such as Environmental Assessments
(EA) or Environmental Impact Statements (EIS), which were developed to guide
the decision on site designation/selection, should be used to identify appro-
priate monitoring objectives for a site. The EA/EIS developed for the site
described the impacts expected to occur as a result of site use, identified
nearby sensitive resources, and described what issues were judged to be insig-
nificant. Where appropriate, the monitoring plan should be used to verify the

impact predictions and support assumptions that led to site selection., Unless
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there is strong technical evidence that has arisen since the EA/EIS, a moni-
toring plan should not include aspects that would deviate from the findings or
recommendations of the selection/designation documents.

8. As a consequence of the site designation/selection process, it is
also reasonable to expect that monitoring of the disposal site is a minimal
requirement. Although the siting of a disposal area results from the consid-
eration of a matrix of environmental, operational, and economic factors, the
final designation should result in the choice of a site that has limited
potential for impact (located away from sensitive habitats, spawning areas,
etc.) and therefore requires only limited monitoring.

9. The individual responsible for monitoring program design and imple-
mentation may find that the Distriect/Division’s disposal site(s) fall into one
of three categories: the site is a historically used Section 404* site and an
FA or EIS does not exist, the site is an interim Section 103** site and the
EA/EIS has not been completed, or the site has been designated/selected
through the EA/EIS process. In the first example, National Environmental Pro-
tection Act documentation will not be available to support the Corps decision
on the adequacy of a monitoring plan. Nevertheless, the focus of the plan
should be toward support of site selection and project evaluation decisions.
In the second and third situations, the EA/EIS documents in preparation or
completed should serve as the basis of the Corps recommended plan (sensu the
Federal Standard).

10. The interaction between monitoring and site designation/selection
should also be viewed from another perspective, as monitoring considerations
should play a role in the site designation process. During consideration of
the factors that will influence site selection/designation (for example, the
5 general and 11 specific criteria of the Ocean Dumping Regulations), the
practicality and interpretability of the future monitoring plan should be
incorporated. 1If a site is chosen for which monitoring is operationally and
technologically difficult, the ability to actively manage the site and to meet
the requirements of the regulations will be lost. 1Indeed for Section 103
designations, monitoring considerations are one of the specific 11 criteria

that must be factored into the final site selection decision.

* Federal Water Pollution Control Act Amendments of 1972.
*%* Marine Protection, Research, and Sanctuaries Act of 1972.



11. Development of the site designation/selection field study would
also benefit from consideration of what monitoring will later be necessary.
Frequently, the site evaluation field studies include the collection of large
quantities of baseline environmental information. If preliminary outlines of
the monitoring plan are developed at this time, field collection efforts could
focus on collecting those data types that will be most useful once monitoring
does begin., The effort expended at this stage will greatly increase the site
manager's ability to assess long-term cumulative impacts.

Project evaluation

12. The evaluation of dredging and disposal projects through both the
Corps planning process and the regulatory permitting process also serves to
eliminate the need for extensive monitoring at the disposal site. Through the
project evaluation process, sediments to be disposed may be tested for (a) the
concentration of various organic and inorganic contaminants, (b) toxicity, and
(c¢) the potential for bioaccumulation. As a result of the outcome of these
tests and other considerations, a decision is made whether the sediment is
likely to cause unacceptable adverse effects if disposal at the site were per-
mitted. If the material is judged to be suitable for unconfined open-water
disposal (no effects expected), there should be little concern, and the need
for monitoring should be minimal.

13. The monitoring scheme should be designed to verify and support
decisions made in the project evaluation phase that sediments are suitable for
unconfined open-water disposal. Given the extensive Corps experience with
toxicity and bioaccumulation testing for sediment evaluation and the conserva-
tive nature of tests as demonstrated in the Field Verification Program
(Peddicord 1988), such follow-up monitoring need not be frequent or extensive.

14. Use of this approach will allow for development of greater confi-
dence in project evaluation methods used (i.e., bioassay and bioaccumulation
tests), as monitoring results lead to either verification or modification of
evaluation guidelines. As greater experience is gained through these feedback
loops, the amount of project evaluation testing and disposal site monitoring

could be reduced.

Background

15. One of the items identified at the Long-Term Management Strategy

Workshop in August 1985 was the need for guidelines on monitoring aquatic
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dredged material disposal sites. Based on that need, the Water Resources Sup-
port Center sponsored, through the Dredging Operations Technical Support Pro-
gram, a task to produce combined biological and physical guidelines for use in
monitoring programs. The draft guidelines presented herein are the product of
that task. The US Army Engineer Waterways Experiment Station (WES) encourages
the Corps Districts to use these guidelines over the next several years and
provide to WES their comments on suggested changes and improvements. A large
portion of the material presented in these guidelines came from the results of .
the Disposal Area Monitoring System and Field Verification Programs.

16. The US Army Corps of Engineers (USACE) and the US Environmental
Protection Agency (USEPA) share the responsibility of designating dredged
material disposal sites and ensuring that disposal does not result in degra-
dation of the marine environment (Gordon et al. 1982, USACE 1984). This
responsibility is meant to ensure that: (a) human health is not endangered,
(b) the status of marine resources is known and not degraded, and (c) disposal
site status is known so that modifications as to its use can be made (Commit-
tee on Public Works 1973, Segar and Stamman 1986a,b).

17. Federal laws and regulations such as the Federal Water Pollution
Control Act Amendments of 1972, the Marine Protection, Research, and Sanctu-
aries Act of 1972, the Clean Water Act (Committee on Public Works 1973), and
the USEPA Ocean Dumping Regulations* were passed to ensure environmental pro-
tection. However, although made in the best interest and intention of envi-
ronmental protection, these laws are often vague or ambiguous. Federal
regulations often define harmful environmental impact as “unacceptable"
adverse effects and "unreasonable" degradation (Committee on Public Works

1973; see also Federal Register*). There is a need to develop monitoring

techniques for which specific "adverse effects" are clearly defined, thereby
creating an "early-warning" program designed to successfully protect marine
resources rather than detect their degradation.

18. Monitoring of open-water dredged material disposal sites is con-
ducted to investigate physical, chemical, and biological impacts on resources
of concern. Potential physical impacts arise from the behavior of the dis-
posal material, and include mounding, transport of material out of the dis-
posal site to undesirable locations such as shellfish beds, beaches, or

navigation channels, and effects of disposal mounds on hydrodynamic processes

* Federal Register, Vol 42, No. 7 (1977).
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such as wave refraction and currents. Potential chemical impacts are related
to direct and indirect toxicity impacts on both marine organisms and humans as
a result of sediment-associated chemical contamination. The effect of dredged
material disposal from a biological perspective usually involves monitoring
for impacts to specific resources (e.g., hard clams) or general changes in
community structure and function. However, biological changes will also
reflect responses to either physical or chemical alterations. Because dis-
posal site management depends on proper monitoring to determine site status,
successful monitoring programs must integrate physical, chemical, and biologi-
cal data into interpretable results that can be used by a site manager to make
decisions about site use.

19. Disposal programs in which monitoring design has been inadequate
often monitor traditional parameters such as water column and sediment chem-
istry, hydrographic conditions, benthic infaunal community structure, and
fish, phytoplankton, and zooplankton populations (Gordon et al. 1982; Segar
1985; Segar, Stamman, and Davis 1989). Such data frequently are not clearly
interpretable to managers and provide little insight for decisions regarding
site status, usually because of an initial lack of consideration given to how
the results are to be applied or against what standards the data will be com-
pared. Resource objectives are usually not specified, and no attempt is made
to define what would constitute a "significant" impact to the environment.

20. This document recommends an approach to monitoring program design
which emphasizes results that are useful to site managers. The report focuses
on dredged material certified for open-water disposal (e.g., relatively uncon-
taminated) and therefore does not consider lethal or sublethal effects of
toxic substances. However, in cases where contaminants are of concern, the
monitoring strategy outlined herein can be used, with the appropriate sampling
techniques for such materials implemented into the study design.

21. The monitoring approach described in this report has application
for either dispersive or nondispersive disposal sites, as in both cases
adverse anthropogenic effects outside the designated disposal site are to be
avoided. Nondispersive sites are chosen with the intention that most or all
of the disposal material remains where it is placed, thus having only a lim-
ited areal impact. Dispersive sites are chosen with the intent that transport
of the disposed material will occur, but that this transport will not occur at
a rate detrimental to the marine environment outside the designated disposal

site.



22, Site designation is usually viewed as a separate process whereby
site location and size are determined by evaluating political, social, and
environmental concerns. However, in many instances the site may be designated
with insufficient attention given to a prospective mdnitoring program to pro-
tect the environmental concerns (e.g., hard clams, oyster beds, etc.). Con-
sideration of monitoring programs during the site designation phase may be
useful in reaching decisions about factors such as site location and size.

23. This report provides information on general concepts for approach-
ing monitoring requirements, statistical design considerations, and descrip-
tions of sampling equipment and techniques for both physical and biological

parameters.



PART II: OBJECTIVES OF MONITORING

24, The purpose of monitoring is to document whether impacts defined as
unacceptable are occurring, or whether conditions that will lead to an unac-
ceptable impact are developing. A monitoring program should provide the site
manager with clearly interpretable information about whether a threshold of
adverse condition has been reached or is likely, so that decisions about con-
tinued or modified site use can be made.

25. Monitoring may be prospective or retrospective. Ideally, monitor-
ing, as it applies to management of open-water dredged material disposal
sites, should be prospective, consisting of repeated observations or measure-
ments that determine if site conditions conform to an "already stated stan-
dard" (Moriarty 1983). Conversely, in retrospective programs the magnitudes,
types, and areal extent of adverse impacts are not defined until after sam-
pling is under way and data are being interpreted. Unfortunately, this is the
approach most monitoring programs usually follow. As a result, it is fre-
quently discovered that the proper questions were not asked or addressed,
thereby producing ambiguous results.

26. In a prospective program, specific desirable and/or undesirable
conditions (e.g., unacceptable adverse effects or unreasonable degradation)
are clearly defined before sampling is begun. Further, it is necessary to
predict what resources at or near the disposal site are at risk and what mag-
nitude and extent of impact could possibly result from disposal. It is very
important that the development of predictions involve consideration of how and
at what thresholds physical and chemical changes (cause) will result in unde-
sirable biological responses (effect). Thus, resourcés of concern are clearly

identified, specific thresholds of conditions (physical, chemical, or biologi-

cal) that should not be exceeded are stipulated, and potential (e.g., worst-
case) impacts of disposal activities are predicted. Consequently, the
development of a sampling program can focus on detection of changes in spe-
cific conditions rather than simply looking for any detectable change (Green
1984). Any data that are collected, therefore, must be applicable to address-
ing a specific question. Once disposal has begun and monitoring results are
available, the disposal site manager will have clear guidance on whether prob-
lems are evident and if site use needs to be modified.

27. A prospective monitoring program is more difficult to design than

one that is retrospective. It is not sufficient to exclaim that one is
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concerned about a resource (e.g., surf clams) and to state that they should be
monitored. A prospective program requires that changes in resources at risk

be quantified and that the threshold at which changes become unacceptable be

explicitly specified.
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PART III: SYSTEMATIC MONITORING PROGRAM

Tiered Approach/Hypothesis Testing

28. The design of a management-response prospective program requires a
systematic approach following these general steps: (a) evaluation of manage-
rial needs and objectives for site use and (b) implementation of a prospective
monitoring program. The monitoring program should be multitiered with each
level having its own unacceptable environmental threshold, null hypothesis,
sampling design, and management option(s) should the environmental threshold
be exceeded. Design of the program should be the product of a multidiscipli-
nary planning group that would allow for a more thorough examination of the
wide range of factors that must be considered. A proper design can be
achieved following Green's (1984) systematic approach:

Purpose > Question > Hypothesis (e.g., predetermined threshold)
> Model > Sampling design > Statistical analysis > Tests of
hypotheses > Interpretation and presentation of results

29. It must be emphasized that defined objectives predetermine the sta-
tistical analyses used, not the reverse (Green 1984). Fredette et al. (1986)
and Segar and Stamman (1986a,b) provide discussions of the effects of spatial
and temporal variation in the development of a tiered prospective monitoring
program. In a tiered approach, each objective is monitored by testing a
series of null hypotheses or tiers, each at a different predetermined level of
intensity. Results that indicate acceptance of the null hypothesis at the
first level or tier would prevent further, more costly monitoring at a more
complex level. Results that indicate rejection of the null hypothesis would
trigger monitoring at higher tiers, thus providing an early-warning system for
detection of the predetermined adverse effect. Such a multitiered approach
would allow time for managers to make modifications in disposal operations
before a significant impact had occurred. The tiered approach would also
allow time for consideration of cost-effectiveness.

30. The following set of examples serves to contrast the design of a
tiered monitoring program with that of a nontiered program and demonstrates
how the aforementioned advantages could be realized as the result of a tiered

approach.
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Program without tiers

31. Assume that a monitoring program is to be developed for a recently
designated offshore disposal site somewhere in the Northwest Atlantic. The
initial objective is to designate the resource(s) that are to be protected
(e.g., fishery resources, recreational resources, human health, endangered
species). In this case, assume that during initial planning it has been
determined that only one resource, a substantial surf clam population living
at a water depth of 30 m, exists in proximity to the disposal area and is
judged to be at risk. Hence, the overall purpose of the program is directed
toward ensuring that disposal will have no unacceptable adverse biological
effect (e.g., decrease in population density) on the surf clam resource. With
this purpose in mind, it is possible to follow Green's (1984) protocol and
design the following program.

Question: Will deposited sediments have an unacceptable, adverse bio-

logical effect on the population density of the surf clam?

Null hypothesis (Ho): The changes in mean density of surf clams at

various locations are unrelated to changes in mean sediment particle

size subsequent to disposal.
If statistical analysis, hypothesis testing, and interpretation of results
lead to rejection of the null hypothesis (hence, there has been an unaccept-
able disposal-induced effect on population density), the logical management
decision would be either to abandon or relocate the disposal site. Unfortu-
nately, the design of the program, directed at the changes in the resource,
would provide for the management decision to be made only after the resource
impact reached an unacceptable level (a significant decrease in population
density).

Program with tiers

32. Use of an alternative tiered approach with early-warning tiers
would allow program designers and managers to determine if resources of con-
cern are being adversely affected. Design of early-warning tiers requires
information about (a) surf clam biology (particularly that pertinent to poten-
tial impacts of suspended and deposited sediments), (b) regional hydrodynamics
that could allow for prediction of near-bottom dredged material and water
transport, and (c) the disposal activity anticipated, especially with regard
to sediment characteristics, disposal periodicity, and seasonality. This
information would then be used to predict the potential impacts of the dis-

posal activities. Such predictions can be used to formulate several testable
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hypotheses to be incorporated into the tiers of the monitoring program. Since
the literature reveals that surf clams are best suited to coarse-grained habi-
tats‘(Fay, Neves, and Pardue 1983), it might be expected that reductions in
sediment grain size in the population’s habitat, which could occur as a result
of deposition of fine-grained sediments, would be detrimental. Predictions
related to transport of disposed sediment to the population’s habitat could
lead to formulation of the following conservative null hypothesis (Ho) for the
first tier of the study.

Tier 1-Ho: Mean sediment grain size at the site where surf clam
populations exist remains unchanged subsequent to disposal. The
critical threshold for the tier would be a doubling in fines
(silt/clays) relative to baseline (from 5 to 10 percent fines),

which has been predicted to be adverse and has been established as

the threshold for this tier.

33. An inexpensive sampling program (relative to that required for the
hypothesis proposed earlier in the nontiered approach) designed for testing
such a hypothesis could yield data that would be available to project managers
very quickly. If monitoring results support acceptance of the null hypoth-
esis, implementation of more intensive monitoring would be unnecessary since
there would be no documentation of sediment transport to the study site. How-
ever, if the null hypothesis were rejected, at least two actions could be
taken: (a) project management options to alleviate the observed impacts could
be exercised (for example, a capping program where sand is layered over finer
material or scheduling of disposal events so as not to coincide with periods
of unsettled weather might be deemed appropriate) or (b) the monitoring pro-
gram could proceed to the subsequent tier.

34, The sequence of tiers appropriate for the present example could be

as follows:

Io

Tier 2-Ho. Condition index (ratio of internal shell volume to
tissue volume) of surf clams is not negatively affected by
observed changes in sediment grain size (e.g., decreasing below
5.0 based on mean of 30, 2-year-old individuals sampled
quarterly).

o

Tier 3-Ho. The changes in mean density of surf clams (e.g.,
below a threshold of 1 per square metre within the designated
region based on annual fall sampling at 25 stations and com-
pared to baseline values) at various locations are unrelated to
changes in mean sediment particle size subsequent to disposal.

35. Implicit in this type of approach is the idea that each tier will
have its own predicted critical threshold, null hypothesis, and sampling

design; rejecting the null hypothesis proposed for one tier will automatically
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trigger the more intensive monitoring program at the next tier. Thus, the
intensity (e.g., effort and therefore cost) of monitoring should be commensu-
rate with the effects anticipated.

36. The first and subsequent tiers of the monitoring program (as above)
may not involve any biological sampling. This may be especially true when
cause-and-effect relationships are well known. However, even if cause-and-
effect relationships are not well known, a physical or chemical sampling pro-
gram based on predictions of potential impacts and the mechanisms through
which these impacts will result should almost always serve as a first tier of
monitoring (Segar, Stamman, and Davis 1989).

37. Designers of tiered monitoring programs must make a priori deci-
sions regarding the tier and magnitude of impact at which consideration of
site closure will be appropriate. For example, whereas some minimal level of
change in sediment characteristics, condition index, or population density
might be considered acceptable, a substantial (50-percent) disposal-related

reduction in mean population density, for example, might be unacceptable.

Use of a Multidisciplinary Committee

38. The tiered prospective monitoring approach requires a considerable
amount of prior planning and technical expertise, especially in contrast to
that required by retrospective programs. It is necessary to consider a vari-
ety of factors in the design of a monitoring program. These factors include
information on the value of habitat areas as perceived by local interests,
predictions of disposal material behavior, predictions of potential impacts,
and determination of specific adverse levels of impact and thresholds of con-
cern. One of the best ways to accomplish these necessary tasks is through a
multidisciplinary committee of technical advisors. In addition to being
charged with the responsibility of designing the monitoring program, the tech-
nical committee should interact on a regular basis with project managers to
provide sound advice that is both reasonable (especially in consideration of
real-world budgets) and environmentally relevant.

39. The committee should be composed of individuals with a composite
experience and knowledge of regional envirommental conditions and resources,
hydrodynamics and sediment transport, information needs of site management,
suspended and deposited sediment effects on organisms, lethal and sublethal

effects of sediment-associated chemicals on organisms, and sampling program
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design and execution. Depending on the particular situation, such a committee
might involve only Corps representatives, or it may be appropriate to include
non-Corps advisors. Committee membership should be kept to a minimum (eight
individuals or fewer) in the interest of both coordination and efficiency.

The committee chairperson should be responsible for focusing the committee's
efforts and ensuring that decisions are reached when adequate information is
available or when additional (though not critical) desired information could
be obtained only through added effort. Dissenting and minority opinions that
develop during the committee’s deliberations should be expressed in written

reports to the project manager to highlight the areas that are most equivocal.

Program Flexibility

40. The level of effort devoted to monitoring should be related to the
magnitude and types of concerns. In some cases there may be little or no need
to conduct monitoring. Such situations may include sites that have been used
historically with no problems, sites where the disposal sediments are similar
to the natural sediments (e.g., sand on sand, mud on mud), sites that are used
infrequently, or sites that receive only small volumes of material. In other
situations, monitoring requirements range from a need for only physical moni-
toring to consideration of a large suite of physical, chemical, and biological
investigations.

41. Flexibility in monitoring approaches, frequency, and intensity will
improve overall program implementation and usefulness. When designing a pro-
gram it is usually easier and less expensive to provide for more intensive
sampling (more stations, replicates, or sampling techniques) than to increase
the frequency of sampling, because of the costs involved in mobilizing and
demobilizing a field crew and the necessary vessels. Adding monitoring tech-
niques or including floating stations to be allocated to investigations of
specific anomalies may also be useful. For example, if a distinct biological
community change is detected between two stations 2 km apart, it may be useful
to place some floating stations at intervals to better define the boundary.

42. Considerations of modifying techniques, intensity, or frequency
should also include reductions when appropriate. As monitoring continues,
some questions will be answered or some concerns reduced, which will allow

certain aspects of the program to be deemphasized. Periodic evaluation of
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management information needs should be performed to determine what information
is or is not being used to reach site-use decisions.

43, Equipment and techniques that can provide monitoring data with
relatively short turnaround times are preferred. For example, traditional
biological benthic grab samples can take months to process and interpret,
whereas a benthic profiling camera may provide sufficient information in a

matter of days or even hours.

Outlining the Program

44, The systematic approach toward designing a monitoring plan can be
viewed in graphic form to better illustrate the flow of tasks required for the
process (Figure 1). Each step incorporates the previously discussed tiered
approach, including considerations of objectives and decision-making processes
that are essential to completion of each task. The remainder of this section
is devoted to outlining approaches to meeting the goals of each step in the
planning process. Working through this process will help to ensure considera-
tion of all pertinent aspects of a monitoring plan.

Step 1 - Designating
site-specific objectives

45, Site-specific objectives and needs might include such factors as
multiple/periodic versus one-time use of the site, seasonal timing and fre-
quency of use, and use of the site for habitat creation or enhancement. In
the case of seasonal timing and frequency of usage, questions about impacts
reflect concerns over detrimental reductions and/or alterations of biological
resources. Conversely, considerations of habitat creation or enhancement
include levels of improvement of the site for beneficial resource utilization.

46. A particular concern relative to benthic communities is the timing
of disposal with respect to recruitment patterns of the dominant biotic compo-
nents of the system. Given a one-time disposal operation (over the course of
a few weeks), timing of disposal should precede the peak recruitment period
for the given region to facilitate more rapid recolonization and recovery of
predisturbance conditions. If disposal is to occur continuously over longer
periods of time, this consideration becomes a moot point. Knowledge of

recruitment periods can, however, be used to predict recovery after disposal

is completed.
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47. The use of a site for habitat creation or enhancement has a differ-
ent set of objectives, namely the goal of making the site more attractive to
target organisms. In this case, considerations of physical and biological
factors reflect levels of change required to meet the stated objective (e.g.,
creation of shallow-water habitat). A monitoring plan for this type of proj-
ect must strive to document the beneficial aspects of the site.

Step 2 - Identifying compo-
nents of the monitoring plan

48. An essential early step toward the design of a monitoring program
should include the designation of physical, chemical, and biological param-
eters of concern. This task reflects predictions of the types of direct and
indirect alterations that will result from disposal activities. Physical/
chemical effects generally include those associated with sediment character-
istics as well as spatial distribution of the material after placement. These
factors represent both short- and long-term direct effects to the biota (e.g.,
resulting from changes in grain size and bottom topography). Alterations in
water quality are generally short-lived, and while concerns over them may be
justified during disposal, they are generally not considered as part of a
long-term monitoring program.

49. Effects on biological resources are inherently related to the
aforementioned physical/chemical alterations and must be considered as conse-
quences of these changes. Immediate short-term effects include burial of ben-
thic assemblages, which acts to reset the successional sequence of assemblage
development, and alterations of sediment type, which can affect the type of
assemblage that will recolonize the area.

50. Listing the potential areas of major concern is a useful way to
visualize and organize a monitoring plan. This list should include informa-
tion about suggested methods of measurement, if known. In many cases, the
sequence of tasks will reflect a series of phases or subtasks of a program
(e.g., physical mapping and delineation of the disposal mound, sediment char-
acterization, and evaluation of water quality and biological resources).
Often, techniques designed to measure physical parameters such as sediment
dispersion can provide information from which biological monitoring can be
planned (e.g., sample site selection). As biological impacts are closely tied
to physical alterations, every effort should be made to coordinate physical
and biological sampling efforts as much as possible in order to make full use

of field collection efforts and reduce costs.
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Step 3 - Predicting
biological responses and
developing testable hypotheses

51. This aspect of program development requires (a) quantitative esti-
mates of alteration of each physical/chemical parameter of concern and
(b) best available information on the levels of response of target resources
to these alterations. By comparing these estimates, decisions can be made
about critical threshold levels that could be used to develop criteria for a
management decision on project continuation or cessation. Lunz and LaSalle
(1986) provide a review of the literature on the physical/chemical alterations
occurring around operating dredges and disposal operations, as well as avail-
able information concerning the effects of these alterations on fishes and
shellfishes.

52. Specific information is needed on the range of a parameter within
which a particular organism is capable of normal behavior. The upper limit of
the range may be used as a threshold level at which a decision to alter oper-
ations must be made. The following example illustrates the process of defin-
ing a critical threshold and developing a testable hypothesis.

53. A species of mussel known to occur in the vicinity of the project
area is known to be tolerant (exhibiting normal feeding behavior) of total
suspended sediment (TS8S) concentrations up to 500 mg/£, above which it
responds by valve closure for periods of up to 6 to 10 hr without undue harm.
Levels of TSS during a disposal event are expected to be as high as 500 mg//!
at the surface and 1,000 to 2,000 mg/f near the bottom within 500 m of the
disposal site for up to 1 hr after each disposal event. Disposal events will
occur about 10 to 12 hr apart. Given this information and the concern about
mussels in the immediate vicinity of the disposal site, a monitoring effort
might include periodic (e.g., every fifth disposal event) measurement of TSS
concentrations 1 hr after an event to determine if site conditions do result
in rapid settling of material and a return to ambient conditions (within
500 mg/£) for a reasonable period of time between disposal events (to allow
mussels periods of time to feed normally).

54. An example of a tiered approach to this issue would include spe-
cific conditions that would trigger more extensive monitoring of the situa-
tion, if warranted. For example, as long as levels of TSS return to less than
500 mg/£ within 1 hr after every fifth disposal event, no further action is

taken. If, however, the concentration of TSS exceeds 500 mg/f after 1 hr, a
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second measurement is taken after 2 hr to assess the situation. If, after the
second measurement, TSS concentrations remain above 500 mg/£, the next dis-
posal event is delayed for a period of time to allow TSS concentrations to
return to ambient conditions for a period of a few hours. Note the use of
specific TSS concentrations and time periods as critical threshold levels and
the switch to more frequent sampling if the first threshold level is exceeded.
Step 4 - Designating

sampling design and methods

55. The design of a sampling program and choice of appropriate methods
is as important as any of the steps so far discussed. The ways in which data
are gathered (sampling methods) and analyzed (statistical methods) will deter-
mine their usefulness in drawing conclusions about the given study. Most
importantly, the sampling design must be developed with a priori considera-
tions of the type(s) of data that will be collected and the specific statis-
tical analyses that will be applied. Again, it must be emphasized that the
data collected must be applicable to addressing a specific question. Collect-
ing data for no specific reason serves no purpose. The choice of sampling
method or gear is also an important consideration in that the type of data
obtained must be useful in addressing the specific question. For example,
measurement of suspended sediment via gravimetric techniques (milligrams per
litre) will do little to address a question about changes in optical turbidity
and its effect on target organisms. Transmissometer or nephelometer measure-
ments (measures of light penetration and scattering) would be more
appropriate.

56. From a pracéical standpoint, however, logistical constraints must
be considered when developing a sampling program. Considerations of sample
size (areal coverage or volume), number of samples, and frequency of sampling,
while important for statistical reasons, are often limited by constraints of
handling and processing. Processing of benthic samples, including sorting and
taxonomic identification, is very time consuming, thereby limiting the number
of samples that can be reasonably taken and processed from both a cost and
scheduling perspective. Too few samples, however, will seriously limit the
confidence level of statistical analysis and thereby jeopardize the technical
defensibility of the entire effort. Similar considerations are necessary with
most types of samples, either physical or biological.

57. Considerations relative to statistical treatment also include

selection of adequate control or reference sites and location of sampling
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stations within sites. These types of concerns relate directly to the
statistical test(s) to be applied. There is no simple way to determine either
sample type or number of samples or the statistical methods to be used. A
considerable amount of effort must, therefore, be expended to achieve a com-
promise between constraints on selection of appropriate sampling and statisti-
cal analyses.

58. A number of references (e.g., Cochran 1963, Green 1979) discuss the
problems associated with sampling design and methodology and should be con-
sulted prior to making decisions for a given study. At a minimum, knowledge
about the limitations of a technique will help determine the degree of confi-
dence in the results. Basic concepts iof sampling design and commonly used
sampling devices and methodologies are discussed in Fredette et al. (1990).
Step 5 - Designating management options

59. This step in the planning process involves decisions to be made in
the event that threshold levels are exceeded. In a tiered program, these
decisions are made at various tiers within the monitoring process but are, in
each case, the result of exceeding a predetermined threshold. 1In the scheme
of the hypothesis testing protocol, this process is the response to rejecting
the null hypothesis (e.g., there is a significant difference between observed
and predicted conditions),

60. 1In addition to identifying optional courses of action when a given
threshold is exceeded, management decisions on available options once condi-
tions of a given parameter return below critical threshold level are also
needed. As previously discussed, supplemental monitoring (more frequent or
more extensive sampling) of these parameters may be required to support a
final management decision. The options themselves may include delays or dis-
continuation of operations and/or operjational modifications that may alleviate
the problem. Each option should be outlined and discussed during the planning

process.

Examples of Tiered Monitoring Plans and Management Options

61. Examples of tiered monitoring plans for different combinations of
native and disposal material sediment, with and without sensitive resources
located nearby, are given in Figures 2-7. 1In all cases, only three tier
levels are outlined. Additional tiers may be appropriate for several of the

examples presented, and would generally include increased spatial and temporal
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biological monitoring. Monitoring strat

egies and frequency, thresholds for

management action, and management options are presented for each example. It

is strongly emphasized that these cases
tions. Each actual case must develop it
ment options based on site-specific fact
62. Management strategy for each
that could be used in each example. In
perform similar tasks are listed; it is
tools be selected from the list, instead

ple, side-scan sonar (SS), the sediment-

cores, or cone penetrometers may all be

ing edge of the disposal mound sediments|.

way to determine the distribution of dis
given the site conditions. Tool selecti
factors discussed in Fredette et al. (19
of monitoring. In some instances, the o
gation hazard. In other cases, concern
of surrounding biota. Further, navigati
specific nearby sensitive resources may
strategies.

63. Initial tier bathymetry for s
Loran-C positioning. The ability to use
will be site specific.
repeatable accuracy for monitoring, whil

tioning will be required.

are only examples of potential situa-
s own monitoring strategy and manage-
ors.

tier presents tools and sample spacing
several cases, multiple tools which
intended that one or possibly two

of using all those listed. For exam-
profiling camera (SPC), grab samples,
used to map distribution of the fring-
From the list, the most efficient
posal material should be selected,

on is based on a variety of technical
90), as well as the intended purpose
nly concern is development of a navi-
may be over navigation and degradation
on, general biota degradation, and

combine to influence monitoring

ome of the examples is combined with

Loran-C for first-tier monitoring

In some locations Loran has sufficient absolute and

e in other locations microwave posi-

Details on the advantages and disadvantages of

positioning systems can be found in Fredette et al. (1990).

64. As presented in these example

quarterly to yearly, although this range

s, monitoring frequency ranges from

can be expanded in both directions.

Monitoring frequency is strongly influenced by the specific level of concern.

For example, a site where tier 2 monitor
material toward an adjacent sensitive cl
ical sampling in tier 3. However, tier
adjacent to the site and/or navigation h
quency.

65. As stated previously, thresho
identified early in the site selection a

olds precipitating management decisions
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strategy and frequency. Thresholds presented in these examples are purely
hypothetical. They are intended only as examples of the type of threshold
statements that must be formulated for site management. Site-specific thresh-
olds can be developed from site desighation documentation with advisory help
from scientific experts.

66. Management options presented here are divided into two groups based
on whether a threshold is exceeded. If critical thresholds are not exceeded,
the management options are to continue monitoring at either the present or a
reduced level or to cease monitoring completely. If a critical threshold is
exceeded, the list of management optieons includes a variety of alternatives.
The options listed in these examples are the most likely choices for a
majority of disposal sites. One or multiple options may be selected, depend-
ing on site-specific conditions, ranging from simply increasing the monitoring

level to termination of site use.
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PART IV: SUMMARY OF MONITORING TOOLS AND TECHNIQUES

67. Monitoring of aquatic dredged material disposal sites may require a

variety of physical and biological tools and techniques (Tables 1 and 2).

Chemical monitoring is not discussed her? since these guidelines do not
include sites where chemically unsuitabl# material is placed. 1In the tiered
approach discussed previously, the lowerilevel tiers of monitoring efforts may
examine primarily physical changes at a %ite. Changes in physical environ-
ment, such as mounding, can result in a &avigation hazard or lead to changes
in the biological community (e.g., buriai), which would necessitate biological
monitoring in advanced tiers. Design of%thé monitoring portion of a program
must consider what equipment to use and %t what spatial and temporal frequency
to sample. These factors will be determined by the level of information

required for the questions being addresséd, given present technical, monetary,

regulatory, and political considerations

Physical Moniforing Tools

68. Physical monitoring tools can be broadly classified into several
groups. Though not actually monitoring tools, navigation and positioning
equipment represents the primary group. |Effectiveness of all physical and
biological sampling depends upon knowing|the location of a sample relative to
the disposal site. A variety of equipment types are available for locating a

sample. Generally, more precise location requires more complex and expensive

systems. Accuracies from +1,500 to #0.1 ft* are presently available. Accu-
rate, low-cost satellite positioning may%be readily available in the near
future. ;
69. Equipment that measures bathy%etry and ocean bottom configuration
with acoustic energy is a second group. iFathometers (depth sounders) are most
commonly used for bathymetry and can giv% elevations accurate to #0.6 ft when
corrections are applied for water-level %nd boat-level variations. Side-scan
sonar has been used to map aerial distriﬁution of sediment and surface bed

forms for determining direction of sediment motion. Subbottom profilers have

been used to examine internal mound and seafloor features.

!
* To convert feet to metres, multiply by 0.3048.
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70. A third group of physical instruments consists of those that
directly sample sediment. Surface samples and cores can be collected with a
variety of instruments. These range from grab samplers, which one person can
operate to retrieve a small surface sample, to large vibracores, which return
up to a 40-ft-long core through a disposal site. Usually, sands are the most
difficult to penetrate, thus limiting tool selection.

71. A fourth group of tools for physical monitoring are those instru-
ments that return data on site conditions remotely through the use of photog-
raphy. These instruments, such as thé sediment-profiling camera or video
cameras attached to remotely operated underwater vehicles, have proven useful
in delineating the outer fringes of disposal material, where necessary within
a site. A collection of tools are available which can measure various engi-
neering properties of disposal mounds in situ. Approximate sediment size,
density, pore pressure, shear strength, settlement rates, etc., can be mea-
sured with these devices. Some of these are diver-operated, while others can
be deployed from a ship.

72. Waves and current meters form the last group of tools that may be
useful in physical monitoring. They are used to measure the driving forces
for sediment transport. These instruments are costly to purchase and main-
tain. Records over long periods of time are difficult to obtain due to
natural equipment failure and accidental destruction by fishing boats.

73. Spatial and temporal sampling intensity is generally low for tier 1
monitoring. As the tier level increases, frequency of sampling also
increases. This applies to biological monitoring as well. Most sampling
plans establish a regular or modified grid over the disposal study site for
sample collection to ensure complete site coverage. Grid spacing, size, and
shape depend on tier level, site conditions, and available resources. Tier 1
grids are typically widely spaced, with few sampling points covering the mini-
mal area of anticipated impact. With increasing tiers, grid spacing is
reduced, sampling frequency is increased spatially and temporally, and grid
area may be increased. Temporal sampling frequency is highly dependent on the
anticipated level of impact and the temporal physical and biological site

variability.

25



Biological Monitoring Tools

Fish and shellfish sampling

74. Fish and shellfish are genera

economic importance to individuals and a

l11ly the animals of the greatest socio-

pencies. However, obtaining quantita-

tive information about a given species ot assemblage presents more of a

problem with mobile organisms such as fish and shellfish.

Most sampling

devices are selective in terms of size and, often, species, causing a bias in

the resulting estimates of density, spec
able difficulty is often faced in obtain

ability in dispersion of individuals and

great variability in both time and space)

ies diversity, or biomass. Consider-
ing replicate data, due to the vari-
their mobility. This results in

The combination of wvariability in

abundance of fish and shellfish species and in sampling equipment and methods

makes comparisons of data from various sources imprecise over large areas.

75. Sampling of nektonic organisms (fishes, shrimps, and crabs) is most

commonly accomplished through the use of

generally collect a greater diversity of

nets or traps of various types. Nets

organisms than do traps. Traps are

usually designed to attract and capture L particular species (e.g., crab

pots). The choice of sampling device(s)

of organism(s) of interest. Nets are ei
organisms. Passive nets are set in stat
that become entangled (e.g., anchored gi

entrapped within the confines of the net

require extended deployment, in-place, and recovery periods.

for monitoring depends on the type(s)
ther passive or active collectors of
ionary positions, collecting organisms
11 net, hoop net, and fyke net) or
ted area (e.g., fish traps) and may

Active nets

(e.g., otter trawls and purse seines) are towed through the water and produce

immediate results.

Benthic infauna and
submergent vegetation

76, Benthic infauna (particularly
tion are regarded as good indicators of
sedentary nature, and thus their suscept

alterations. Because their sedentary ex

macrobenthos) and submergent vegeta-
environmental quality because of their
ibility to physical and chemical

istence requires a tolerance of short-

term variation in environmental conditioms, they reflect long-term integral

conditions. In addition, they can be mu

sampled. However, some disadvantages of
when compared to fish, are that they hav

able, are more difficult to identify, an
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é less life history information avail-
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(although this may not hold true for certain macroinvertebrates deemed of
importance to human beings, such as oysters and clams).

77. Benthic sampling devices come in a wide variety of designs and
sizes. Many were developed and used 6n a regional basis and, as a conse-
quence, are little known outside their respective areas. However, certain
commonly used samplers have had widespread application.

78. A number of trawls and dre@ges have been designed and used as Qual-
itative samplers of epifaunal and inféunal organisms in a variety of habitats,
particularly in water deeper than 10 m (e.g., epibenthic sleds). These
devices are best used for the purpose of general description of the assem-
blages present (species presence/absence). These devices are highly selective
and are limited to collecting epifauné and shallow infauna, thereby providing
little information on infauna at sediment depths greater than a few
centimetres.

79. Grab samplers and box corers are the tools of choice for quantita-
tive sampling of sessile epifauna and;infauna (to the depth excavated by the
sampler). Some of the more commonly used grabs include the Petersen,
van Veen, Ponar, Ekman, and Smith-McIntyre grabs. These samplers all basi-
cally operate as mechanical scoops that, when triggered, remove a semicircular
parcel of the bottom substrate. Typically these samplers collect material
representing 0.02 to 0.5 sq m of surface area and penetrate to sediment depths
ranging from 5 to 20 cm. Vertical se¢tioning, which is generally more quanti-
tative than a basic grab, is also possible with some, such as the Reineck and

Gray-0O'Hara box corers.
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Step L

Designation of Site-Specific
Managerial Needs and
Objectives

Step 2

Identification of Physical and Chemical
Parameters and Biological Resources
Which May be Affected

Step 3

Prediction of Biological Respomnses to
Environmental Alterations at the Site
and
Development of Testable Hypotheses
Based on Predictions of Unacceptable
Environmental Thresholds

Step 4

Designation of Sampling Design
and Methods

Step 5

Designation of Management Options
Given Unacceptable Levels of
Alterations

Figure 1. Generalized step-wise procedure
for outlining a monitoring program
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